Head injury was induced in the left hemi sphere of rats, The rats were killed at various time in tervals after trauma (immediately, 15 min, 1 and 18 h, and
4 and 10 days), and the rates of synthesis and release of prostaglandin PGE2, 6-keto-PGF I", and thromboxane TXB2 from cortical slices of both hemispheres were studied. The rate of synthesis of PGE2 after 18 h was six and four times higher than control in the contused and contralateral hemispheres, respectively. By 10 days post trauma, both hemispheres had normal rate of PGE2 re lease. TXB2 and 6-keto-PGFI" synthetases were affected already 15 min after the injury, and a similarly elevated rate of synthesis was found in both hemispheres. The maximal effect was detected after 1 or 18 h with return to
The initial response of all living vascularized tissues to every type of injury (physical, chemical, biological) is inflammation. It represents a funda mental defense mechanism that may, if unchecked, develop into a pathological state. The primary events in the inflammatory response involve leakage of plasma constituents as a result of in creased permeability of the microvasculature, and thus edema is developed at the site of injury [see Johnson et al. (1983) for review]. Williams and Peck (1977) suggested that the amount of plasma exuda tion is determined by both the degree of perme ability of the venules and the extent of vasodilation in the microvasculature.
A variety of insults have been reported to result in phospholipid degradation and accumulation of arachidonic acid and prostaglandins (PGs). Chan et al. (1983) induced brain edema in rats by intracere-normal after 4 or 10 days for TXB2 and 6-keto-PGFI", respectively. Tissue specific gravity was determined for both hemispheres using linear gradient columns. The re sults of these determinations indicate that development of edema occurs in the contused hemisphere as early as 15 min post trauma; it reaches its maximal level at 18 h and returns to normal at 10 days. Arterial pressure was monitored, and a transient increase was found at 10 min post trauma. We suggest that the production of edema after brain injury may be related to the increased rate of PGE2 and PGI2 synthesis, which occurs at similar time intervals after injury. Key Words: Edema-Head injury -6-keto-Prostaglandin FI"-Prostaglandin E2-Throm boxane B2• bral injection of arachidonic acid, and Iannotti et al.
(1981) suggested a role for PGs in experimental ischemic edema in gerbils. The role of PGs, particu larly that of PGE2, as mediators of inflammation has been well established (Bonta and Parnham, 1982a) . PGE2 and PGI2 are potent vasodilators and are known to increase vascular permeability (Mon cada and Vane, 1979). Thus, the accumulation of PGs during the inflammatory response may account for edema formation.
It is well documented that thromboxane (TXA2) and prostacyclin (PGI2), which are the products of the same precursor (arachidonic acid), have op posing biological effects: Namely, the first en hances platelet aggregation and is a vasocon strictor, while the latter inhibits aggregation and di lates blood vessels (Moncada and Vane, 1979) . followed by a study of the synthetic capacity of the contused and the contralateral hemispheres to pro duce and release PGs by the method described by Shohami and Gross (1985) .
MATERIALS AND METHODS
Male Sabra rats (strain of the Hebrew University) weighing 250-300 g were used for the study. Anesthesia was induced by placing the rats in an ether-saturated en vironment. Prior to and during the experimental proce dures (scalp incision or skull trauma), animals were kept at the surgical level of anesthesia by testing corneal and pupillary reflexes.
The animals were divided into seven groups, each in cluding seven to eight rats. In the sham group of rats, the scalp was incised and retracted to expose the skull. These rats were decapitated and the brains removed for processing at different time points after sham operation, so that each experimental group had control rats killed at the same time.
In the other six groups of rats, a trauma to the exposed skull over the left cerebral hemisphere was delivered by a weight drop device, a detailed description of which is re ported by Y. Shapiro et al. (unpublished) . Basically the device is made of a free-falling plate from the center of which protrudes a silicone-covered rod that hits the skull as it is allowed to fall. The weight of the falling Perspex plate is 1,600 g, and the height from which it is allowed to fall is 5 cm.
Rats in group 2 (0 min of recovery) were decapitated immediately after the trauma. Fifty-seven percent of the animals subjected to the trauma procedure survived, and they were allowed to recover in their home cages. Upon recovery from anesthesia, all animals would eat and drink freely.
At the appropriate time, animals in groups 3-7 (re covery period of 15 min, 1 and 18 h, and 4 and 10 days, respectively) were decapitated for processing of the brain for specific gravity determination and the evaluation of the synthetic capacity of PGs in their cortical tissue. The brains were rapidly removed (within 1 min) and placed on an ice-cold petri dish; slices of 15-20 mg were cut from both hemispheres and each placed in 1 ml of ice-cold ox ygenated Krebs solution, pH 7.4, as previously described (Shohami and Gross, 1985) . This solution was replaced within 1-2 min with fresh Krebs solution and reoxygen ated, and the tubes were tightly closed and placed for 1 h in a shaking water bath at 37°C. At the end of the incuba tion period, the medium was decanted and stored at -70°C until assayed for PGs. The slices were homoge nized in 1 ml of water, and the protein content was deter mined on an aliquot by the method of Lowry et al. (1951) .
Blood pressure recording
A group of 10 rats was prepared for determination of blood pressure at several time points in the course of the experiment. Rats were anesthetized with ether, and a polyethylene catheter (PE-50; Clay Adams, NJ, U.S.A.) was implanted in their femoral artery. Systolic, diastolic, and mean arterial pressures were recorded via a pressure transducer on a polygraph recorder.
Blood pressure recordings were performed prior to and immediately after inducing the trauma and at 5, 10, 15, 30, and 60 min and 8 and 18 h post injury.
PG levels
For determining the amounts of PGE2 and of 6-keto PGF\a and TXB2 (the stable metabolites of prostacyclin and TXA, respectively) released into the medium during the incubation period, 0.1 ml of the supernatant was taken for each radioimmunoassay. The assay was carried out as previously described (Shohami et aI., 1982) 
Specific gravity determination
Tissue specific gravity of the two hemispheres was measured on 40-to 50-mg samples taken from the injured zone and from the contralateral hemisphere by linear gra dient columns using a kerosene and bromobenzene mix ture, as described by Nelson et al. (1971) and improved by Marmarou et al. (1978) 
RESULTS
Ta ble 1 summarizes the MABP values of the rats at the various time points. It is apparent that a tran sient increase of MABP occurs at 10 min post trauma with a return to normal values at 8 h.
As a result of the injury to the left hemisphere, edema developed generally. Figure 1 demonstrates that the tissue specific gravity of this hemisphere decreased at 15 min post injury and became min imal at 18 h. No significant changes, however, were found in the specific gravity of the contralateral hemisphere; it remained in the range of 1.04350 ± 0.00053, which was measured in sham rats. Thus, the edema formation was localized to the zone of injury.
Following head injury the synthetic capacity for PGs in cortical tissue increased in both hemi spheres, reached a peak at 1 (TXB2) or 18 (PGE2 and 6-keto-PGF1a) h, and returned to normal after 4 and 10 days, respectively. Figures 2-4 depict the rates of release of PGE2, TXB2, and 6-keto-PGF1a, respectively, from cortical slices taken from rats at various time points following the trauma. It is clear that although similar patterns of changes occurred in the synthetic capacity for these three com- injury on the release of TXB1 and 6-keto-PGF1 0l was global, and both hemispheres showed similar changes with time, unlike the differential effect shown for PGEz; TXBz reached its peak rate of re lease at 1 h and was back to normal at 4 days. 6keto-PGF1a, on the other hand, had its maximal rate of release at 18 h, was still significantly higher than control at 4 days, and declined back to normal at 10 days. Ta ble 2 summarizes the ratios of the rates of re lease of the biologically opposing metabolites TXBz 
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DISCUSSION
The development of brain edema as a result of closed head injury is well documented both in the clinical setting (Gobiet, 1977; Miller et aI., 1977; Clifton et aI. , 1980) and in experimental animals (Tornheim et aI., 1976; To rnheim and McLaurin, 1981) . In the present experimental study, we dem onstrated the time course of the increase in the water content of brain tissue (i. e. , decrease in spe cific gravity), and confirmed that edema is formed following head injury. We showed that edema for mation is a process that develops gradually, reaches its peak about � 18 h, and is reversed within 10 days. In our model, edema is developed locally, which is more significant and more prolonged in the contused hemisphere, together with an increased PGIz production.
We demonstrated a decrease in the ratio of the rates of release of TXBz and 6-keto-PGFto< (Table 1) at 18 h and 4 days. Such a decrease may point to a compensatory mechanism that may be operative under these conditions to overcome the impaired circulation induced by the edema. Since PGIz is a vasodilator, a relative excess of its production over TXAz, the vasoconstrictor, might improve micro circulatory flow and play a role in the recovery of cerebral tissue following head injury.
The temporal association between the changes in specific gravity ( Fig. I) and in PGEz and PGlz syn thesis (Fig. 2) agrees well with the considerable evi dence reviewed in the literature (Johnson et aI. , 1983) that supports a role for PGs, mainly PGEz, as mediators of inflammation and edema formation. In particular, recent studies suggest that eicosanoids may be involved in the secondary damage observed during reperfusion of ischemic brain (Ianotti et al. , Bhakoo et al. , 1984) . Although our model does not primarily produce ischemia, it is very probable that the biochemical and pathological changes are due to ischemic insult that occurs as a result of the trauma. Additionally, the enhanced PGIz formation (as depicted in Fig. 4 ) also con tributes to the potentiation of plasma exudation, and thus both PGEz and PGlz, which have a vaso dilatory effect, might have a key role in the patho physiology of edema formation in the contused brain. It is interesting to note that at 4 days there were still significantly high levels of PGEz in the left hemisphere. A therapeutic modulatory role of PGEz has been proposed for chronic immunoin flammatory disorders (Bonta and Parnhum, 1980) .
1981;
Thus, evidence is accumulating that PGEz has a dual function, and it displays either proinflamma tory (early) or antiinflammatory (late) effects (Morley, 1979; Bonta and Parnham, 1982b) . The changes that occurred in PGE2 synthesis in the present study, together with the course of changes in brain water content, are in line with this concept of the dual function of PGE2 in inflammation. Re cent reports (Faupel, 1982; Gobiet, 1982 ) that ste roids may be useful in the treatment of posttrau matic brain edema only if they are administered early after injury are in line with the proposed role of PGs in cerebral edema formation.
